09/26/2006 15:40 FAX 2149535822 



JACKSON WALKER 



@003 



Amendments to the claims: SSMYHAL PAX GSsWE^ 

1 . (Currently amended) An associative memory device, comprisiJgP 

282006 

an input device for accepting a set or a plurality of sets of input information; 
one or a plurality of input buffers; 

the input device being coupled to, or integrated into, the input buffer; 
a means for transporting the input information to the input buffer; 

the input buffer being adapted to transform the input information into corresponding sets of 
complex-valued wave fields as wave-modeled input data; 

one or a plurality of recording structures, referred to as a cortex; 

the input buffer being further adapted to propagate the wave-modeled input data to the 

cortex; 

the cortex being adapted to associate the desired sets of wave-modeled input data through an 
invertible mathematical function or operation, thus creating one or a plurality of associations within 
the cortex; 

the cortex being further adapted to store the associations in a distributed manner across a 
cortex surface with other previously stored associations; 

the cortex being further adapted to form and store wfckuny linear combinations of 
associations; 

an input device being operable to accept one or a plurality of retrieval prompts, referred to as 
a prompt; 

the input buffer being operable to transform the prompt into a corresponding set of complex- 
valued wave fields, as a wave-modeled prompt; 

the input buffer being operable to propagate the wave-modeled prompt to the cortex; 

the cortex being operable to cause the wave-modeled prompt to mathematically operate upon 
the previously stored associations using a de-association operation that is the inverse of that 
originally used to form the associations; 

the cortex being adapted to store the wave-modeled prompt with other previously stored 
associations and wave modeled prompts; 
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a means for the result of the mathematical de-association operation, representing a wave- 
modeled retrieval, to propagate from the cortex to one or a plurality of output buffers, said output 
buffer being referred to with the input buffer as the buffers; 

the output buffer being operable to transform the wave-modeled retrieval into output data; 

and 

a means for using control data to provide overall control of the associative memory device. 

2. (Previously presented) The associative memory device of Claim 1 , wherein the input 
device further comprises a module for pre-processing the input information. 

3 . (Previously presented) The associative memory device of Claim 2, wherein the pre- 
processing module is adapted to assign phase information to the input information. 

4. (Previously presented) The associative memory device of Claim 1 , further comprising 
a module for performing post-processing on the wave-modeled retrieval or output data. 

5. (Previously presented) The associative memory device of Claim 1, further comprising 
a means for exporting the wave-modeled retrieval or output data to one or more output devices. 

6. (Previously presented) The associative memory device of Claim 1 , further comprising 
ameans for retaining input information, wave-modeled input data, prompts, wave modeled prompts, 
wave modeled retrieval and output data in a volatile memory structure. 

7. (Previously presented) The associative memory device of Claim 1 , further comprising 
a means for processing the input information, wave-modeled input data, prompt, wave-modeled 
prompt, wave-modeled retrieval, output data or control data. 

8. (Previously presented) The associative memory device of Claim 1 further comprising 
a permanent storage device for saving the input information, wave-modeled input data, prompt, 
wave-modeled prompt, wave-modeled retrieval, output data or control data. 

9. (Previously presented) The associative memory device of Claim 1 , wherein physical 
or electronic stimuli comprise the input information. 

10. (Previously presented) The associative memory device of Claim 9, wherein the 
physical or electronic stimuli that are processed further comprises images, fingerprints, signatures, 
faces, sounds, gas molecules, liquids or chemical compositions. 

1 1 . (Previously presented) The associative memory device of Claim 9, wherein a sensor 
or plurality of sensors are operable to accept the physical or electronic stimuli. 
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12. (Previously presented) The associative memory device of Claim 11, wherein the 
sensors further comprise a camera, scanner, keyboard, computer, mouse, analog recorder, digital 
recorder, odor detector, digital signature capture apparatus, or microphone. 

1 3 . (Previously presented) The associative memory device of Claim 1 , wherein the input 
buffer is operable to: 

transform input information into corresponding sets of complex-valued wave fields; 
transform prompts into corresponding sets of complex- valued wave fields; 
propagate wave-modeled input data to the cortex; and 
propagate wave-modeled prompts to the cortex. 

14. (Previously presented) The associative memory device of Claim 1 , wherein output 
buffer is operable to: 

accept the wave-modeled retrieval propagated from the cortex; 

transform the wave-modeled retrieval from a complex-valued wave fields to a data format. 

1 5 . (Previously presented) The associative memory device of Claim 1 , wherein the input 
buffer and the output buffer further comprise a single buffer unit adapted to operate in either an input 
mode, an output mode, or both simultaneously. 

1 6. (Currently amended) The associative memory device of Claim 1 , wherein the cortex 
further comprises a plurality of interconnected modules to perform associated memory operations 
further comprising: 

a module to receive and store sets of complex- valued wave fields propagated from the input 

buffer; 

a second module to form and store associations with propagated wave fields using an 
invertible mathematical operation; 

a module to form and store arbitrary linear combinations of associations; 
a module to receive a wave-modeled prompt; 

a module to mathematically operate upon the previously stored associations using a de- 
association function that is the inverse of that originally used to form the associations; 

a module to generate the complex conjugate of the de-associated wave fields; and 
a module to propagate the results of the operation to the output buffer. 
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17. (Previously presented) The associative memory device of Claim 1, wherein the 
buffers further comprise: 

physical antenna arrays; 

computer hardware which is coupled to the physical antenna arrays; and 
computer software being adapted to program the computer hardware to perform wave 
modeling, wave propagation, wave reception and wave transformation operations. 

18. (Previously presented) The associative memory device of Claim 17, wherein the 
physical antenna arrays further comprise: 

multiple receiving antennas with corresponding receiver memory elements; 
multiple broadcast antennas with corresponding broadcast memory elements; 
a receiver array controller; and 
a broadcast array controller. 

19. (Previously presented) The associative memory device of Claim 17, wherein the 
computer hardware further comprises; 

an analog-to-digital converter with an input and output; 

a device driver coupled to the input of the analog-to-digital converter; 

a preprocessor module with an input and output; 

the input to the preprocessor module coupled to the output of the analog-to-digital converter; 
a phase assignment module with an input and an output; 

the output of the preprocessor module coupled to an input of the phase assignment module; 

a central processing unit (CPU); 

the CPU having a main buffer memory; 

the output of the phase assignment module being coupled to or integral to the CPU; 

a post-processor module with an input and output; and 

the CPU being coupled to the input of the post-processor module. 

20. (Previously presented) The associative memory device of Claim 1 , wherein the buffer 
further comprises: 

computer hardware with an input and output; 

computer software adapted to program the computer hardware; 

a device driver, with an input and an output, 
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the output of the device driver being coupled to the input of the computer hardware; 

an analog-to-digital converter being integral to the computer hardware operable to convert 
analog input information into digital input information; 

a pre-processor module, the pre-processor module being integral to the computer hardware or 
configured therein with the computer software and being operable to process input information; 

a phase assignment module, the phase assignment module being integral to the computer 
hardware or configured therein with the computer software, and being operable for conditioning the 
input information into wave-modeled input data; 

a post-processor module, the post-processor module being integral to the computer hardware 
or configured therein with the computer software and being operable to transform the wave-modeled 
retrieval into output data; 

a wave propagation calculation module, the wave propagation calculation module being 
integral to the computer hardware or configured therein with the computer software and being 
operable to calculate wave propagation properties; 

the computer hardware having a main buffer memory for storing the input information, 
wave-modeled input data, prompt, wave-modeled prompt, wave-modeled retrieval, output data or 
control data; and 

buffer data arrays comprising both receiver memory elements and broadcast memory 
elements being integral to the computer hardware. 

21. (Previously presented) The associative memory device of Claim 1, wherein the 
buffers further comprise: 

an application-specific integrated circuit (ASIC) or a field programmable gate array (FPGA) 
with an input and output; 

a device driver, with an input and an output, 

the output of the device driver being coupled to the input of the ASIC or FPGA; 

an analog-to-digital converter being integral or external to the ASIC or FPGA operable to 
convert analog input information into digital input information, 

a pre-processor module, the pre-processor module being integral or external to the ASIC or 
FPGA and being operable to process input information; 
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a phase assignment module, the phase assignment module being integral or external to the 
ASIC or FPGA and being operable to condition the input information into wave-modeled input data; 

a post-processor module, the post-processor module being integral or external to the ASIC or 
FPGA and being operable to transform the wave-modeled retrieval into output data; 

a wave propagation calculation module, the wave propagation calculation module being 
integral or external to the ASIC or FPGA and being operable to calculate wave propagation 
properties; 

the ASIC or FPGA having a main buffer memory for storing the input information, wave- 
modeled input data, prompt, wave-modeled prompt, wave-modeled retrieval, output data or control 
data; and 

buffer data arrays comprising both receiver memory elements and broadcast memory 
elements being integral or external to the ASIC or FPGA. 

22. (Previously presented) The associative memory device of Claim 1, wherein the 
buffers further comprise: 

an analog computer system utilizing a plurality of operational amplifiers, said analog 
computer having an input and output; 

a device driver, with an input and an output; 

the output of the device driver being coupled to the input of the analog computer; 

a pre-processor module, the pre-processor module being integral or external to the analog 
computer and being operable to process input information; 

a phase assignment module, the phase assignment module being integral or external to the 
analog computer and being operable to condition the input information into wave-modeled input 
data; 

a post-processor module, the post-processor module being integral or external to the analog 
computer and being operable to transform the wave-modeled retrieval into output data; 

a wave propagation calculation module, the wave propagation calculation module being 
integral or external to the analog computer and being operable to calculate wave propagation 
properties; 
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the analog computer having a main buffer memory for storing the input information, wave- 
modeled input data, prompt, wave-modeled prompt, wave-modeled retrieval, output data or control 
data; and 

buffer data arrays comprising both receiver memory elements and broadcast memory 
elements being integral to the analog computer. 

23 . (Previously presented) The associative memory device of Claim 1 , wherein the cortex 
further comprises: 

a physical antenna array; 

a processing unit with an input and output; 

the physical antenna array being coupled to the input of the processing unit; 

the physical antenna array having a receiver array controller, a broadcast array controller, 
multiple receiving antennas with corresponding receiver memory elements, one set of receiver 
memory elements for each buffer element in the associative memory device, and multiple broadcast 
antennas with corresponding broadcast memory elements; 

an association module, the association module being integral to the processing unit; 

a de-association module, the de-association module being integral to the processing unit; 

a linear combination module, the linear combination module being integral to the processing 

unit; 

a complex conjugation module, the complex conjugation module being integral to the 
processing unit; 

a main cortex memory being integral to the processing unit, the main cortex memory further 
comprising association memory elements; de-association memory elements; and linear combination 
memory elements. 

24. (Previously presented) The associative memory device of Claim 23, wherein the 
cortex further comprises: 

a wave propagation calculation module, the wave propagation calculation module being 
integral to the processing unit and being operable to calculate wave propagation properties; and 

cortex data arrays comprised of receiver memory elements, one set of receiver memory 
elements for each buffer in the associative memory system, broadcast memory elements, association 
memory elements, de-association memory elements, and linear combination memory elements. 
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25. (Previously presented) The associative memory device of Claim 23, wherein the 
processing unit further comprises a programmable computer hardware and computer software 
system, an application-specific integrated circuit (ASIC) or a field programmable gate array (FPGA). 

26. (Previously presented) The associative memory device of Claim 23, wherein the 
processing unit further comprises an analog computer system utilizing a plurality of operational 
amplifiers. 

27. (Previously presented) The associative memory device of Claim 23, wherein the 
processing unit further comprises a programmable computer hardware and computer software 
system, an application-specific integrated circuit (ASIC) a field programmable gate array (FPGA) or 
an analog computer system utilizing a plurality of operational amplifiers. 

28. (Currently amended) The associative memory device of Claim 1, wherein the 
implementation of the associative memory device is mathematically modeled with wave-modeled 
input data on the buffer being denoted by: 

Pi,Pj,...,Pi; 

the propagated forms of the wave-modeled input data on the cortex being denoted by: 
an association formed from the wave-modeled input data being denoted by: 

<p;,p;...,p;>=xp;,Pj>...,pi) 9 

in which the association operation is defined by an arbitrary, invertible mathematical function/ 
and a an arbitrary linear combination of associations being denoted by: 

m a ra y(Pi,m> Pjjn* - • • P|,m) 3 

where otm is a an arbitrary weighting factor for the m* association. 

29. (Previously presented) The associative memory device of Claim 28, wherein the 
association function /corresponds to the mathematical operation of multiplication such that two 
propagated input patterns Pi= y/ m and Pj=#n are associated by multiplying the complex amplitudes of 
the two wave functions, point by point, at each location r c in the cortex, with the association 
represented mathematically as: 

vA*c)<t> m {*c) 

and with all associations previously stored, C, written as the linear combination of associations: 
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or 



or 



C(r c ) = I«^(r c k(r c ). 

m 

30. (Previously presented) The associative memory device of Claim 28, wherein the 
association function/corresponds to the mathematical operation of multiplication of wave fields, 
one or more of which may be point-wise normalized, the rest non-normalized, such that two 
propagated input patterns P>= ¥m and P]=^ are associated by multiplying the point-wise complex 
amplitudes of the two wave functions, at each location r c in the cortex with the association 
represented mathematically as: 
exp[f Arg( ¥ (r c ))] eX p[/ Arg(0(r c ))] 

Kr c )expMr^(r c ))] 

where Arg(z) is the phase angle for a complex value z, and with all associations previously stored 
written as the linear combination of associations: 

C ( r c)= 51 " m e xpM^(^(r c ))]expMrg(^(r c ))] 

C ( r c)= r»(*c)*xp[Urg(t n (r c ))] 

31. (Currently amended) The associative memory device of Claim 1, wherein the 
implementation of the associative memory device is mathematically modeled with the wave- 
modeled prompt on the input buffer being denoted by: 
Ri, Rj,...,R|j 

the respective propagated forms of the wave-modeled prompt on the cortex being denoted 
by: 

Ri, Rj,...,Ri , 

the wave-modeled prompt being operable to probe the plurality of previously stored associations 
using/" 1 , the inverse of the function used originally to form the associations; and 
the resulting de-associated wave E> being denoted by: 

I) = <C | R- R], .... R,') =/-l (C | Ri, Rj, R,') =/-(2: m oenMn,, 4n, - | R^ Rj. 
4375396v. I 10 
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where ce m is a an arbitrary weighting factor for the m* association, a de-association is denoted by 
angle brackets with a vertical bar separating the first argument, the entity being probed, from the 
second argument, the set of one or more prompting fields; and D represents the retrieval formed 
when the complex conjugate of the de-association (D*) is propagated from the cortex to the output 
buffer. 

32. (Previously presented) The associative memory device of Claim 31 further 
comprising multiplication for the association operation, and the inverse function,/^ 1 , division for the 
retrieval operation, wherein if a wave field & is used to probe the previously stored associated pairs 
in the cortex, then the retrieval process is denoted by: 

= £ * mWa = £ <* mVm <l>J- n l = a n¥n + £ a m¥m * m tf , 

m * mm 

further, given that the inverse operator I corresponds to division, the retrieval process is more 
specifically denoted by: 

where C contains the linear combination of previously stored associations, and, at each point on the 

cortex r c on which C is defined, the value of C is divided by the value of fa, with the retrieval, a» * 

being propagated to the output buffer and then to the output device. 

33. (Previously presented) The associative memory device of Claim 30, further 
comprising: 

a retrieval operation, multiplication corresponding to the association operation, using 
complex conjugation as the inverse function/- 1 , such that if the point-wise normalized wave field rf, 
is used to probe the previously stored associated pairs in the cortex; 

the probe process being denoted by: 
C <t> n = £ «„ exp[/Arg(^ m )]exv[iAig(<fi m )]lexp[/Arg(^ )] 

m 

= £ a„,exp[iArg(^ )]exp[/Arg(^ )]exp[iArg(& fl" 1 

m 

c *, = S W m exp[»Arg(^ )]l expf/Argfa, )] = £ a mVm exp[/Arg(^ )J exp[rArg(& )]"' 

m m 
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further, given that the inverse operator I, which embodies the inverse function/" 1 , corresponds to 
complex conjugation, the probe process more specifically by: 

m 

= a„exp[«Arg( n )] + £ a m exp(i[Arg(^ ) + Argfa m ) - Ar gfo, )]) 



or 



C & = Z a ^n, exp[/Arg(<^ )]exp[- /Arg(<9„ )] 

m 

= a »r n + 1 £o> a V m exp(i[Ai g (t a )-Aig(h)]} 

where C contains the linear combination of previously stored associations, and, at each point r c on 
the cortex on which C is defined, the value of C is multiplied by the complex conjugate of the 
exponential of the phase angle of the prompt with the retrieval being propagated to the output 
buffer and to the output device. 

34. (Previously presented) The associative memory device of Claim 1 , wherein the means 
of transport of input information, a prompt and a retrieval is through the propagation of physical 
waves by antenna arrays and supporting computer hardware and computer software. 

35. (Currently amended) The associative memory device of Claim 1 , further comprising 
computer hardware and computer software operable to transport input information, prompt and 
retrieval through the simulation of wave propagation in which sets of data representing input 
information, prompt and retrieval are input, pre-processed, and then represented as wave functions 
£/(r) that are time-harmonic solutions to the wave equation: 

(V 2 + P)£(r) = 0; 

in which the propagation of a wave away from a surface (for example, a buffer or a cortex) is 
formally and exactly described by the Kirchhoff integral: 
£(r) = <gdS c •{£ (r c )v c G(r, r c )- G(r, r c )V C £ (r c )} 

where the surface S c is closed and completely surrounds the arbitrary a destination point r, the 
gradient operates only on coordinates on the source surface S c , and G(r,r c ) is a Green's function; 
and in which the above continuous integral is discretized for numerical implementation as: 
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Z(r)= lAS c •{^(r c )V c Q(r,r c )-G(r,r c )V c ^(r c )} 

all source points 

thus enabling digital input, output, and computation. 

36. (Previously presented) The associative memory device of Claim 35, wherein said 
computer hardware and computer software comprises a combination of hardwired wave propagation 
circuitry and software running on computer hardware. 

37. (Previously presented) Hie associative memory device of Claim 1 , wherein the wave- 
modeled retrieval and output data corresponds to any of the sets of wave-modeled input data 
propagated to the cortex and associated with other data. 

38. (Currently amended) An associative memory device, comprising: 
one or a plurality of input devices; 

one or a plurality of input buffers; 

one or a plurality of recording structures, referred to as a cortex; 

one or a plurality of output buffers, refeired to with the input buffer as the buffers; 

one or a plurality of output devices; 

one or a plurality of overall system controllers; 

one or a plurality of volatile memory units; 

one or a plurality of permanent storage devices, and one or a plurality of processing units; 
the input device operable to sense input infonnation comprising physical or electronic stimuli 
of arbitrary nature and origin ; 

the input device being coupled to the input buffer and being further operable to transport the 
input information to the input buffer; 

the input buffer operable to transform the input information into corresponding sets of 
complex-valued wave fields; 

the input buffer being further operable to pre-process the input information and assign phase 
information; 

the input buffer being further operable to propagate the sets of complex- valued wave fields 
representing the input infonnation and referred to as wave-modeled input data to the cortex; 
the cortex being operable to accept the wave-modeled input data; 
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the cortex being adapted to retain the wave-modeled input data from the input buffer in a 
distributed manner across a cortex surface; 

the cortex being further operable to associate the desired sets of wave-modeled input data 
through an invertible mathematical function or operation, thus creating one or more associations 
within the cortex; 

the cortex being further operable to create and store arbitrary linear combinations of 
associations; 

the input device, when enabled, being further operable to sense additional sets of input 
information comprising physical or electronic stimuli or other input data to act as a prompt or 
prompts to make a retrieval or retrievals; 

the input buffer being further operable to transform the prompting set of input information 
into corresponding sets of complex-valued wave fields, referred to as the wave-modeled prompt; 

the input buffer being further operable to preprocess the prompting set of input information 
and assign phase information; 

the input information to be retrieved from the cortex comprising any of the sets of physical or 
electronic stimuli stored in previously created associations, as determined by the operator; 

the input buffer, when enabled, being further operable to propagate the wave-modeled 
prompt to the cortex; 

the cortex being operable to accept aprobe from the input buffer carried by a wave-modeled 
prompt using a de-association function or operation that is the inverse of that originally used to form 
the association; 

the cortex being further operable to propagate the results of the de-association, representing a 
retrieval, to the output buffer; 

the output buffer being adapted to receive, post-process, and export the retrieval to one or 
more output devices in human or machine-readable form. 

39. (Previously presented) The associative memory device of Claim 38, the buffer and 
cortex are operable to generate and propagate wave fronts within the associative memory device. 

40. (Previously presented) The associative memory device of Claim 38, wherein a first 
set of buffers processes images, a second set of buffers processes sounds, a third set of buffers 
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processes representations of gas molecules and a fourth set of buffers processes chemical 
compositions. 

41. (Previously presented) The associative memory device of Claim 38, wherein the 
cortex is adapted to store a plurality of sensed physical or electronic data in a distributed manner. 

42. (Previously presented) The associative memory device of Claim 3 8, wherein the input 
buffer, cortex and output buffer are adapted to receive and process a plurality of sensed physical or 
electronic stimuli simultaneously. 

43. (Previously presented) The associative memory device of Claim 38, adapted to 
perform autonomous pattern recognition or identification operations. 

44. (Currently amended) The associative memory device of Claim 43, further comprising: 
an internal identification pattern (IIP) buffer, operable to store unique, machine-readable 

patterns for autonomous identification purposes; 

an IBP generator module, operable to create a unique, machine-readable pattern given a 
unique identification code chosen automatically or supplied by a system operator; 

the IIP generator module, further operable to link each specific IIP to arbitrary sets of 
information (such as data files) to be recalled, sets of commands to be executed or communicated 
upon a positive identification, and threshold confidence levels required for execution of each 
particular command or sets of commands; 

an IIP reader module, operable to read autonomously a retrieved pattern and deduce an 
identification code that corresponds to a previously created HP; 

the IIP reader module further operable to provide a confidence estimate based on relative 
certainty or uncertainty of its identification; 

an autonomous execution module, operable to receive the identification result and confidence 
estimate from the IIP reader module, to recall the associated files or other information related to the 
reported identification code, and further to execute or communicate the appropriate commands based 
on the identification code, the reported confidence estimate, and the predefined confidence levels 
required for the relevant commands; 

an adaptive learning module, operable to modify the plurality of associations stored in the 
cortex in response to feedback on the accuracy of its identification, so as to improve its recognition 
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performance, in which the general adaptation process is defined by the following equation for the 
case of a false positive identification of prompting pattern Rj: 
C„ ew = C old -p i (R i ,I j > 

where C oW is the original cortex value, C new is the cortex value after adaptive learning, p, is apositive 
weighting factor, and Ij is the incorrectly retrieved IIP; 

and where the general adaptation process is defined by the following equation for the case of a false 
negative or overly weak positive identification of prompting pattern R ; : 

C new = Coid + pi<R i -YjP i ,Ii> 
where C 0[d is the original cortex value, C„ ew is the cortex value after adaptive learning, p f is a 
positive weighting factor, I* is the desired HP, P, is the original pattern associated with I is and y, is 0 
for augmentation mode and 1 for replacement mode. 

45. (Previously presented) The associative memory device of Claim 44, further 
comprising computer hardware and software. 

46. (Previously presented) The associative memory device of Claim 44, further 
comprising one or a plurality of application-specific integrated circuits (ASICs) or field 
programmable gate arrays (FPGAs). 

47. (Previously presented) The associative memory device of Claim 44 further 
comprising an analog computer system utilizing a plurality of operational amplifiers. 

48. (Previously presented) The associative memory device of Claim 44, wherein the 
pattern recognized is an image, human face, fingerprint, signature, gas molecule, substance, liquid or 
chemical composition. 

49. (Previously presented) The associative memory device of Claim 43, wherein a sensor 
or plurality of sensors comprise the input device. 

50. (Previously presented) The associative memory device of Claim 49, wherein the 
sensor comprises a film still or moving picture camera, still or moving video camera, scanner, a 
device to convert gas molecules into signals, or a microphone. 

5 1 . (Previously presented) The associative memory device of Claim 50, wherein the 
device to convert gas molecules into signals comprises directly heated short chromatography 
columns, cooled sample traps, surface acoustic wave (SAW) interferometric vapor detectors. 
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52. (Previously presented) The associative memory device of Claim 43, wherein the input 
data representing physical stimuli comprises analog or discrete electrical signals . 

53. (Previously presented) The associative memory device of Claim 43, wherein the 
means of information transport is through the propagation of physical waves by antenna arrays and 
supporting hardware and software. 

54. (Currently amended) The associative memory device of Claim 43, wherein the means 
of information transport is through the simulation of wave propagation in computer software 
operating on computer hardware, in which sets of data are input, pre-processed, and then represented 
as wave functions §(r) that are time-harmonic solutions to the wave equation- 

(V + Jt'fcto-O; 

in which the propagation of a wave away from a surface such as a buffer or the cortex is formally 
and exactly described by the Kirchhoff integral: 

|,(r) = QdS c fe(r c )V c G(r,r c )-G(r,r c )V c # ( (r c )} 

where the surface S c is closed and completely surrounds a the arbitrary destination point r, the 
gradient operates only on coordinates on the source surface S c , and G(r,r c ) is a Green's function; 
and in which the above continuous integral is discretized for numerical implementation as 
£(r)= £AS C ^(r c )V c G(r,r c )-G(r,r c )V c ^(r c )} 

all source points 

thus enabling digital input, output, and computation. 

55. (Previously presented) The associative memory device of Claim 43, wherein said 
computer hardware and computer software comprises a combination of hardwired wave propagation 
circuitry and software running on computer hardware. 

56. (Previously presented) The associative memory device of Claim 43, wherein the 
wave-modeled retrieval and output data corresponds to any of the sets of wave-modeled input data 
propagated to the cortex and associated with other data. 

57. (Previously presented) The associative memory device of Claim 43, wherein the 
buffers further comprise; 

physical antenna arrays; 

computer hardware which is coupled to the physical antenna arrays; and 
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computer software being adapted to program the computer hardware to perform wave 
modeling, wave propagation, wave reception and wave transformation operations. 

58. (Previously presented) The associative memory device of Claim 57, wherein the 
physical antenna arrays further comprise: 

multiple receiving antennas with corresponding receiver memory elements; 
multiple broadcast antennas with corresponding broadcast memory elements; 
a receiver array controller; and 
a broadcast array controller. 

59. (Previously presented) The associative memory device of Claim 57, wherein the 
computer hardware further comprises: 

an analog-to-digital converter with an input and output; 

a device driver coupled to the input of the analog-to-digital converter; 

a preprocessor module with an input and output; 

the input to the preprocessor module coupled to the output of the analog-to-digital converter; 
a phase assignment module with an input and an output; 

the output of the preprocessor module coupled to an input of the phase assignment module; 

a central processing unit (CPU); 

the CPU having a main buffer memory; 

the output of the phase assignment module being coupled to or integral to the CPU; 

a post-processor module with an input and output; and 

the CPU being coupled to the input of the post-processor module. 

60. (Previously presented) The buffers of Claim 43, further comprising: 

computer hardware with an input and output; 

computer software adapted to program the computer hardware; 

a device driver, with an input and an output, 

the output of the device driver being coupled to the input of the computer hardware; 

an analog-to-digital converter being integral to the computer hardware operable to convert 
analog input information into digital input information, 

a pre-processor module, the pre-processor module being integral to the computer hardware or 
configured therein with the computer software and being operable to process input information; 
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a phase assignment module, the phase assignment module being integral to the computer 
hardware or configured therein with the computer software, and being operable for conditioning the 
input information into wave-modeled input data; 

a post-processor module, the post-processor module being integral to the computer hardware 
or configured therein with the computer software and being operable to transform the wave-modeled 
retrieval into output data; 

a wave propagation calculation module, the wave propagation calculation module being 
integral to the computer hardware or configured therein with the computer software and being 
operable to perform wave propagation calculations; 

the computer hardware having a main buffer memory for storing the input information, 
wave-modeled input data, prompt, wave-modeled prompt, wave-modeled retrieval, output data or 
control data; and 

buffer data arrays comprising both receiver memory elements and broadcast memory 
elements being integral to the computer hardware. 

61. (Previously presented) The associative memory device of Claim 43, wherein the 
buffers further comprise: 

an application-specific integrated circuit (ASIC) or a field programmable gate array (FPGA) 
with an input and output; 

a device driver, with an input and an output, 

the output of the device driver being coupled to the input of the ASIC or FPGA; 

an analog-to-digital converter being integral or external to the ASIC or FPGA operable to 
convert analog input information into digital input information, 

a pre-processor module, the pre-processor module being integral or external to the ASIC or 
FPGA and being operable to process input information; 

a phase assignment module, the phase assignment module being integral or external to the 
ASIC or FPGA and being operable to condition the input information into wave-modeled input data; 

a post-processor module, the post-processor module being integral or external to the ASIC or 
FPGA and being operable to transform the wave-modeled retrieval into output data; 
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a wave propagation calculation module, the wave propagation calculation module being 
integral or external to the ASIC or FPGA and being operable to perform wave propagation 
calculations; 

the ASIC or FPGA having a main buffer memory for storing the input information, wave- 
modeled input data, prompt, wave-modeled prompt, wave-modeled retrieval, output data or control 
data; and 

buffer data arrays comprising both receiver memory elements and broadcast memory 
elements being integral or external to the ASIC or FPGA. 

62. (Previously presented) The associative memory device of Claim 43, wherein the 
buffers further comprise: 

an analog computer system utilizing a plurality of operational amplifiers, said analog 
computer having an input and output; 

a device driver, with an input and an output; 

the output of the device driver being coupled to the input of the analog computer; 

a pre-processor module, the pre-processor module being integral or external to the analog 
computer and being operable to process input information; 

a phase assignment module, the phase assignment module being integral or external to the 
analog computer and being operable to condition the input information into wave-modeled input 
data; 

a post-processor module, the post-processor module being integral or external to the analog 
computer and being operable to transform the wave-modeled retrieval into output data; 

a wave propagation calculation module, the wave propagation calculation module being 
integral or external to the analog computer and being operable to perform wave propagation 
calculations; 

the analog computer having a main buffer memory for storing the input information, wave- 
modeled input data, prompt, wave-modeled prompt, wave-modeled retrieval, output data or control 
data; and 

buffer data arrays comprising both receiver memory elements and broadcast memory 
elements being integral to the analog computer. 

63. (Previously presented) The cortex of Claim 43, further comprising: 
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a physical antenna array; 

a processing unit with an input and output; 

the physical antenna array being coupled to the input of the processing unit; 

the physical antenna array having a receiver array controller, a broadcast array controller 
multiple receiving antennas with corresponding receiver memory elements, one set of receiver 
memory elements for each buffer element in the associative memory device, and multiple broadcast 
antennas with corresponding broadcast memory elements; 

an association module, the association module being integral to the processing unit; 

a de-association module, the de-association module being integral to the processing unit; 

a Imear combination module, the linear combination module being integral to the processing 

unit; 

a complex conjugation module, the complex conjugation module being integral to the 
processing unit; 

a main cortex memory being integral to the processing unit the main cortex memory further 
comprising association memory elements; de-association memory elements; and hnear combination 
memory elements. 

64. (Previously presented) The associative memory device of Claim 63, wherein the 
cortex further comprises: 

a wave propagation calculation module, the wave propagation calculation module being 
integral to the processing unit and being operable to perform wave propagation calculations; and 

cortex data arrays comprised of receiver memory elements, one set of receiver memory 
elements for each buffer in the associative memory system, broadcast memory elements, association 
memory elements, de-association memory elements, and linear combination memory elements. 

65. (Previously presented) The associative memory device of Claim 64, wherein the 
processing unit further comprises a programmable computer hardware and computer software 
system, an application-specific integrated circuit (ASIC) or a field programmable gate array (FPGA). 

66. (Previously presented) The associative memory device of Claim 64, wherein the 
processing unit further comprises an analog computer system utilizing a plurality of operational 
amplifiers. 
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67. (Previously presented) The associative memory device of Claim 64, wherein the 
processing unit further comprises a programmable computer hardware and computer software 
system, an application-specific integrated circuit (ASIC) a field programmable gate array (FPGA) or 
an analog computer system utilizing a plurality of operational amplifiers. 

68. (Currently amended) The associative memory device of Claim 43, wherein the 
implementation of the associative memory device is mathematically modeled with wave-modeled 
input data on the buffer being denoted by: 

Pi, Pj,...,Pi; 

the propagated forms of the wave-modeled input data on the cortex being denoted by: 

Pij Pj,...,P|; 

an association formed from the wave-modeled input data being denoted by: 

<p;,p;,...,p;> ^p.>pj,...,p'i), 

in which the association operation is defined by an arbiter invertible mathematical function/ 
and a an arbitrary linear combination of associations being denoted by: 

2 m (X m <I\ m , P j>m , P lm ) = Z m a m XPi,m> I*j,m, ... P'l,ra), 

where a,,, is a an arbitrary weighting factor for the m* association. 

69. (Previously presented) The associative memory device of Claim 43, wherein the 
association function /corresponds to the mathematical operation of multiplication such that two 
propagated input patterns P^tf/ m and P]=^ are associated by multiplying the complex amplitudes of 
the two wave functions, point by point, at each location r c in the cortex, with the association 
represented mathematically as: 

and with all associations previously stored, C, written as the linear combination of associations: 
c (rc)=Z^(r c K(r c ). 

m 

70. (Previously presented) The associative memory device of Claim 69, wherein the 
association function/corresponds to the mathematical operation of multiplication of wave fields, 
one or more of which may be point-wise normalized, the rest non-normalized, such that two 
propagated input patterns P>= y, m and P]=^ are associated by multiplying the point-wise complex 
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amplitudes of the two wave functions, at each location r c in the cortex with the association 
represented mathematically as: 
exp[, Arg(y(r c ))] exp[i Arg{<p{r c ))] 

^(r c )exp[Mrg(^(r c ))] 

where Arg(z) is the phase angle for a complex value z, and with all associations previously stored 
written as the linear combination of associations: 

C ( r c)= 2>» ex PN^(^(rc))]exp[/^(^(r c ))] 

C(r c ) = a m y m (r c )exp[/ Argfa (r c ))] 

71. (Currently amended) The associative memory device of Claim 43, wherein the 
implementation of the associative memory device is mathematically modeled with the wave- 
modeled prompt on the input buffer being denoted by: 
R), Rj,...,Ri; 

the respective propagated forms of the wave-modeled prompt on the cortex being denoted by: 
Ri, Rj,...,Ri , 

the wave-modeled prompt being operable to probe the plurality of previously stored associations 
using/-', the inverse of the function used originally to form the associations; and the resulting de- 
associated wave E> being denoted by: 

r> = <c | r;, R j, .... R ;> =/-' (c i r: r: ... f r{) =/-'(E m c^M- ^ ... P lm) , r: r: 
•..,R.); 

where <x m is a an arbitrary weighting factor for the m* association, a de-association is denoted by 
angle brackets with a vertical bar separating the first argument, the entity being probed, from the 
second argument, the set of one or more prompting fields; and D represents the retrieval formed 
when the complex conjugate of the de-association (D'*) is propagated from the cortex to the output 
buffer. 
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72, (Previously presented) The associative memory device of Claim 71 further 
comprising multiplication for the association operation, and the inverse function,^, division for the 
retrieval operation, wherein if a wave field A is used to probe the previously stored associated pairs 
in the cortex, then the retrieval process is denoted by: 

ttJ tn «^ 

m m*n 

further, given that the inverse operator I corresponds to division, the retrieval process is more 
specifically denoted by: 

where C contains the linear combination of previously stored associations, and, at each point on the 
cortex r c on which C is defined, the value of C is divided by the value of fa with the retrieval, a^„. 
being propagated to the output buffer and then to the output device. 

73. (Previously presented) The associative memory device of Claim 72, further 
comprising: 

a retrieval operation, corresponding to the association operation, using complex conjugation 
as the inverse function/', such that if the point-wise normalized wave field is used to probe the 
previously stored associated pairs in the cortex; 
the probe process being denoted by: 

c A = T a » ex PfrArg(v„ )]exp(/Arg(^ )]lexp|/Arg(^ )] 

tit 

= £ a-expffArg^ )]exp[/Arg(^ )]exp[/Arg(^ )]-' 

tn 

c <fn = 2>„ expfrArgfa. )]l exp[/Argfa, )]= £ a m y, m exp[/Arg(^ )] expf/Argfo, )]"' 

further, given that the inverse operator I, which embodies the inverse function f\ corresponds to 
complex conjugation, the probe process more specifically by: 
c <f> n - Z^^Arg^^expfiArg^^expt-ZArg^J] 

m 

= « B exp[/Arg(0] + 3> m exp(/tArg(^ m )+ Argfo,)- Arg^)]) 
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or 

c & = Ys a «W* exp[fArg(^ m )]exp[- lArgfoJ] 
= W. + J^ajr. exp(/[ATg(^)- Arg(^„)]) 

where C contains the linear combination of previously stored associations, and, at each point r c on 
the cortex on which C is defined, the value of C is multiplied by the complex conjugate of the 
exponential of the phase angle of the prompt with the retrieval being propagated to the output 
buffer and to the output device. 

74. (Currently amended) A method of autonomous pattern recognition, comprising: 

sensing physical or electronic stimuli with a sensor; 

interfacing the output of the sensor to one or a plurality of input buffers; 

converting the sensed physical or electronic stimuli at the input buffer into wave-modeled 
input data in the form of complex-valued wave fields; 

contemporaneously pre-processing the input information and assigning phase values at the 
input buffer; 

generating a unique internal identification pattern (HP) based on a unique identification code 
assigned automatically or by a system operator to each specific set of input data; 
storing the IIP in one or more IIP buffers; 

linking each specific IIP to arbitrary sets of information such as data files to be recalled, sets 
of commands to be executed or communicated upon a positive identification, and threshold 
confidence levels required for execution of each particular command or sets of commands; 

using wave propagation to transport the wave-modeled input data and IIPs from their 
respective buffers to one or a plurality of recording structures, referred to as a cortex; 

associating the desired sets of wave-modeled input data and their respective IIPs through an 
invertible mathematical function or operation, thus creating one or more associations within the 
cortex; 

retaining the associations in a distributed manner across the cortex; 
creating and storing arbitrary linear combinations of associations; 
inputting prompting data into the input buffer, 
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converting the prompting data at the input buffer into complex-valued wave fields as wave- 
modeled prompting data; 

contemporaneously pre-processing the prompting data and assigning phase values; 
using wave propagation to transport the wave-modeled prompting data to the cortex to 
prompt a response from the cortex; 

mathematically operating upon the previously stored associations at the cortex using a de- 
association function that is the inverse of that originally used to form the associations; 

propagating the result of the mathematical de-association operation; representing a retrieval, 
to one or more IIP buffers; 

autonomously reading a retrieved pattern as accurately as possible; 
deducing an identification code that could correspond to a previously created IIP; 
generating a confidence estimate based on a relative certainty or uncertainty of the 
identification made; 

recalling the associated files or other information related to the reported identification code 
and displaying the results in human or machine-readable form; 

executing or communicating the appropriate commands based on the identification code, the 
reported confidence estimate, and the predefined confidence levels required for the relevant 
commands; 

adaptively improving identification performance in response to feedback on the accuracy of 
past identifications, using the following equation for the case of false positive identifications: 

C new = Cold - Pi <Rj, Ij> 

where C 0 | d is the original cortex value, is the revised cortex value, pi is a positive weighting 
factor, Rj is the prompting pattern, and Ij is the incorrectly retrieved IIP and using the following 
equation for the case of false negative or overly weak positive identifications: 

C Dew = C 0ld + p i (R i -y i p i> i i > 
where C old is the original cortex value, is the revised cortex value, ft is a positive weighting 
factor, Ri is the prompting pattern, I; is the desired IIP, P f is the original pattern associated with Ii, 
and Yi is 0 for augmentation mode and 1 for replacement mode. 
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75. (Previously presented) The method of autonomous pattern recognition of Claim 74, 
wherein the method of information transport is by propagating physical waves using antenna arrays 
and supporting hardware and software. 

76. (Currently amended) The method of autonomous pattern recognition of Claim 75, 
wherein the method of information transport is by simulating wave propagation in computer 
hardware configured by computer software or wave propagation circuitry in which sets of data are 
input, pre-processed, and then represented as wave functions §(r) that are time-harmonic solutions 
to the wave equation: 

(v 2 +*^,.(r) = 0; 

in which the propagation of a wave away from a surface such as a buffer or the cortex is formally 
and exactly described by the Kirchhoff integral: 

where the surface S c is closed and completely surrounds a the arbitrary destination point r, the 
gradient operates only on cooidinates on the source surface S c , and G(r,r c ) is a Green's function; 
and in which the above continuous integral is discretized for numerical implementation as: 
|(r)= 2> c .{^(r c )V c G(r,r c )-G(r,r c )V^(r c )} 

all source points 

thus enabling digital input, output, and computation. 

77. (Previously presented) The method of autonomous pattern recognition of Claim 75, 
wherein the patterns recognized represent physical or electronic stimuli. 

78. (Previously presented) The method of autonomous pattern recognition of Claim 77, 
wherein the physical or electronic stimuli represent images, human faces, sounds, fingerprints, 
signatures, gas molecules, or chemical compositions. 
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